Glu327 is part of a catalytic triad in rat liver fructose-2,6-bisphosphatase.
The fructose-2,6-bisphosphatase domain of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase has been shown to be structurally and functionally homologous to phosphoglycerate mutase. Both enzymes catalyze their reactions via phosphoenzyme intermediates which utilize an active site histidine as a nucleophilic phosphoacceptor and another histidine as a proton donor to the leaving group. Glu327 in the bisphosphatase domain of the rat liver bifunctional enzyme is conserved in all phosphoglycerate mutase structures and is postulated, by modelling studies, to be located in the active site. Glu327 was mutated to Ala, Gln, or Asp. The mutant and wild-type enzymes were expressed in Escherichia coli with a T-7 RNA polymerase-based expression system and purified to homogeneity by substrate elution from phosphocellulose. The Glu327 mutants had apparent molecular weights of 110,000 by gel filtration and had unaltered 6-phosphofructo-2-kinase activity. Circular dichroism showed that the secondary structure of the Glu327 mutant enzyme forms was the same as the wild-type enzyme. The maximal velocity of the fructose-2,6-bisphosphatase of the Glu327----Ala, Glu327----Gln, and Glu327----Asp mutants was 4, 2, and 20%, respectively, that of the wild-type enzyme, but the rate of phosphoenzyme formation of the mutants was reduced by at least a factor of 1000. In addition, the rate constants of phosphoenzyme hydrolysis for the Glu372----Ala and Glu327----Gln mutants were 2.7 and 1.3%, respectively, of the wild type, whereas the rate constant for the Glu327----Asp mutant was 60% of the wild-type value. Glu327 was not a substrate or product binding site determinant since the Km for fructose-2,6-bisphosphate and Ki for fructose-6-phosphate of the mutants were not appreciably changed. The results implicate Glu327 as part of a catalytic triad in fructose-2,6-bisphosphatase and suggest that it influences the protonation state of the active site histidine residues during phosphoenzyme formation and/or acts as a base catalyst to enhance the nucleophilic attack of water on the phosphoenzyme intermediate.